The discrete inverse Sumudu transform method is designed to solve ordinary differential equations and tested for an algebro-geometric equation. The two new sets of exact analytical and complex solutions are gotten through a discrete inverse Sumudu transform, and Maple complex graphs are drawn to show the new solution simulations in the complex plane which are compared to the existing solutions. The list of inverse Sumudu transforms is added in the sequel to strengthen the study.
Introduction
Algebro-geometric lattices were constructed using Rings and Fields to obtain the solutions of KdV equation and Toda equation in [1] . For solving sine-Gordon equation, Landau-Lifshitz equation, and reducing Abelian and hyperelliptic integrals, theta functions algebro-geometric principles were employed in [2] . Nonlinear integrable equations of mathematical physics, electrical systems were studied using the algebro-geometric method in [3] . KdV equation, Toda equation AKNS, and Hill's hierarchy were solved in [4, 5] . Soliton and quasi solutions of Dym type and water flow equations were solved for algebro-geometric solutions in [6] . Theta function notation of algebro-geometric solutions for Camassa-Holm equation and soliton solutions was given in [7] [8] [9] . Algebrogeometric Sturm-Liouville coefficients were calculated in [10] . Solutions without reflection for hierarchies of evolution equations were given in [11] . Endpoint classification of three forms of algebro-geometric equation (AGE) and eigenvalues of Sturm-Liouville differential equations were given in [12] .
A Sumudu transform was applied for nonzero modulus Dixon elliptic functions to calculate their Hankel determinants in [13] . A discrete inverse Sumudu transform (DIST) method was proposed to solve ordinary differential equations to obtain their new exact solutions, and Whittaker and Zettl equations with a table of the inverse Sumudu transform of functions were solved in [14] as in [15] , which gives special functions [16] as inverse Sumudu. Lane-Emden type differential equations were solved by the decomposi-tion method using Sumudu in [17] . Fractional reaction-diffusion equation and delay differential equation were studied using the Sumudu transform in [18, 19] . Human relationships were studied numerically in [20] . Fuzzy differential equations were solved using a fuzzy Sumudu transform in [21] . Fractional differential equations, telegraph equations, and fuzzy differential equations were solved using the Sumudu transform respectively in [22] [23] [24] . Cattaneo-Vernotte with space fractional, time fractional, and space-time fractional equations were solved for integer values and rational values of ϕ in [25] . In [26] a reaction-diffusion equation with variable order fractionals was solved numerically by using a combined Adams and finite difference method where they took Liouville-Caputo and ABC (Atangana-Baleanu-Caputo) fractional derivatives. Liouville-Caputo, CaputoFabrizio-Caputo, and Mittag-Leffler kernel fractional derivatives were applied for the Bateman-Feshbach-Tikochinsky oscillator and Caldirola-Kanai oscillator and their individual behavior was studied in [27] . In [28] Atangana-Baleanu fractional derivatives were used for a nonlinear Bloch system, and the Adams-Moulton method was applied to solve it numerically. A homotopy perturbation transform method was applied to solve some nonlinear fractional differential equations in [29] . Apart from this, some of the very recent advancements in fractional calculus theories were given in [30, 31] .
DIST method description
The Sumudu transform of the function f (x) in the set
} is defined by the following integral equation:
In the discrete definition, for the function
The DIST definition is given by the following infinite series:
where u is the (positive) Sumudu transform variable and w is the DIST (negative) Sumudu transform variable. For the functions from [15] , the inverse Sumudu transform is calculated and provided in Table 1 and the corresponding special functions are defined in Table 2 .
Theorem 1 Let F -1 (w) be the inverse Sumudu transform of f (x). 
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Proof The proof is straightforward.
The following steps of Algorithm 1 solve the ordinary differential equations [14] .
Algorithm 1 DIST methodology
Step 1. Apply inverse Sumudu using Theorem 1 to a given differential equation.
Step 2. If the result of Step 1 is an integro-differential equation with n integrals, then convert to a differential equation by substituting:
Step 3. Find the power series solution of Step 2.
Step 4. Convert G -1 (w) back to F -1 (w) using Eq. (8).
Step 5. Apply the Sumudu transform to Step 4 which leads to the solution f (x) of the given differential equation.
New exact solutions of AGE-F1
In this work, the AGE-F1 (Sect. 40.1, pp. 308, [12] ) ordinary differential equation is solved for integer coefficients to get their new exact solutions.
Applying the inverse Sumudu transform to Eq. (9) with S -1 [y(x)] = F -1 (w), using the properties of Theorem 1, and converting the resulting integro-differential equation and simplifying, we obtain
Example 1 For l = 1 in Eq. (10), Step 3 of Algorithm 1 gives the following power series solution:
Next converting Eq. (11) to F -1 (w) and applying the Sumudu transform, we get
y(x) in Eq. (12) is the new exact solution of Eq. (9) with l = 1.
Example 2 For l = 2 in Eq. (10), we have the following power series solution:
Differentiating twice w.r.t. w, (13) converts to F -1 (w), then applying the Sumudu transform leads to
Here (14) is the new exact solution of (9) with l = 2.
Example 3 The power series solution of (10) for l = 3 is given by
Converting (15) 
y(x) in (16) is the new exact solution of (9) with l = 3. The complex plot of (16) for λ = 5, 10, and 15 is shown in Fig. 1 . Example 4 When l = 4 in (10), the power series solution is given by
Applying the Sumudu transform after converting (17) 
y(x) in (18) is the new exact solution of (9) for l = 4. The complex plot of (18) for λ = 5, 10, and 15 is shown in Fig. 2 .
Example 5 In (10) for l = 5 the power series solution is
Applying the Sumudu transform after converting (19) 
y(x) in (20) is the new exact solution of (9) with l = 5.
Remark 1 Solutions in (12) , (14), (16), (18) , and (20) for respective l = 1 to 5 in (9) are verified in a Maple computer algebra system which satisfies the given differential equation and all the new solutions appear for the first time in this research work as per the literature surveyed. Comparing to solving directly, the DIST method gives new exact analytical solutions for ordinary differential equations. For instance l = 5 in (9), solving directly gives the following solution:
Comparative study of (20) and (21) shows that the DIST method solves the differential equations for new exact solutions, which is verified in a Maple computer algebra system both numerically and graphically, shown in a complex plot of Fig. 3 . 
New exact complex solutions of AGE-F1
By computing another power series solution of Step 3 of Algorithm 1, the second set of solutions of (9) is studied in this section which are new exact solutions. All the computations are worked through the Maple computer algebra system.
Example 6 When l = 1 in (10), the formal series solution is given by
Converting G -1 (w) in (22) 
Here (23) is the second new exact complex solution of (9) with l = 1. Remark 2 Solutions (23), (25) , (27) , (29) , and (31) are verified in the Maple computer algebra system, and they are new exact complex solutions of (9) respectively for l = 1 to 5. 
Comparing solutions (23) and (32), DIST solves the differential equations to new exact complex solutions, which is verified in the Maple computer algebra system both numerically and graphically and shown in a complex plot of Fig. 6 . Next, when solving for general l, (9), DIST method in both the above methods gives the new approximate analytical solution in terms of Lommel S1 function which will be studied in a separate work numerically.
Conclusion
Through this research communication an algorithm based on the discrete inverse Sumudu Transform (DIST) was described to solve ordinary differential equations for their new exact analytical and complex solutions. An algebro-geometric equation for different integer value coefficients was studied with the algorithm and the method was proven by deriving their new solutions. Efficiency of the DIST method was shown via the comparative study in Remarks 1 and 2, Maple plots were shown graphically in Figs. 3 and 6 . The enlarged list of functions and their inverse Sumudu transforms in Table 1 shows that inverting the elementary functions upon Sumudu discrete-wise gives the special functions in Table 2 and will help future research.
